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ELECTRIC MACHINE WITH INTERNAL COOLING PASSAGEWAYS

TECHNICAL FIELD

{0001} The present disclosure refates to electric machines and more specifically to internal

cooling passageways defined in the stator core,

BACKGROUND

{002} Eleetric machines typically include a stator having a stator core and cooper windings,
Different winding arrangements are known such as distributed, concentrated, and hairpin, A rotor of
the clectric machine is supporied for rotation within the stator core. The stator and rotor cooperate to
converl clectrical energy tnto mechanical motion or vice versa. The electric machine may be referred
to as a niotor when used to produce mechanical motion from electrical energy and may be referred to
as a generator when used to produce clectrical energy from mechanical motion. Electric machines
generate heat during use. Many electric machings include a thermal-management system to cool the
stator, the rotor, or both. Spray cooling is common type of thermal-management svsiem i astomotive
applications. A spray cocling sysiem may include nozzles external to the electric machine that deliver
oil to the electric machine. The oil absorbs heat as it cascades down the electric machine effectoating

cooling.

SUMMARY

{003y According to one embodiment, an cleciric machine includes a stator core having
opposing first ardd second end faces, an outer surlace between the end faces, and a plurality of fluid
passageways defined within the stator core. Each fluid passageway includes an entrance hole defined
in the outer surface and an inboard passage extending along a length of the core and in fluid
comnuuiication with the entrance hole. Each fluid passageway further includes an outboard passage
exiending along a length of the core and having a first exit hole defined i the first end lace and an
interconnecting passage connecting the inboard passage in fluid communication with the outboard

passage.
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HIO0 According lo another embodiment, an electric machine includes a stator core having a
plarality of stacked laminations that include ai lgast first and second sets of faminations that are
different. Each of the first laminations defines a first pattern of fluid openings, and each ol the second
fantinations deflines a second pattern of fluid openings that is different than the first pattern. The first
set of laminations are stacked together with the openings aligned to form a first arrangement of fluid
passages therethrough, and the second set ol laminations are stacked together with the openings

aligned to form a second arrangement ol fluid passages therethrough.

HIOUA] According to yet another entbodinient, an electric machine includes a stator housing
having an inner surface defining a recessed annular fluid chamber, A stalor core is received in the
stator housing and has an outer swrface disposed against the inner swface, The stator core defines at
lcast one fluid passageway having an entry hole defined in the outer surface and opening inio the
annular fluid chamber. The passageway also has a (irst passage defined in the stator core and extending

substantially axially,

BRIEF DESCRIPTION OF THE DRAWINGS

{806] Figure | is an end view of an electric machine withouot showing a rotor for llustrative
prrposes.

{007 Figure 2 is a cross-sectional view of the electric machine along cuthine 2-2.

HIG0R] Figure 3 1s a schematic perspective view showing an example cooling passageway of

the electric nmiachine as a solid. The passages and chambers of the cocling passage shown in Figure 3
are not actual structural components disposed within the stator core. Rather, the stalor core defines the

boundaries of the passageway which is a void space therein.

{009 Figure 4 is a cross-sectional view ol the stator core, at a first axial position, showing a

first set of laminations.

HIOIH Figure 5 is a cross-sectional view of the stator core, at a second axial position showing,

a second set of laminations.

3
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{011} Figure 6 is a cross-sectional view of the stator core, at a third axial position, showing a

third set of laminations.

DETAILED DESCRIPTION

{012} Embodumenis of the present disclosure are described herein. It is to be understood,
however, that the disclosed embodiments are merely cxamples and other embodiments can take
various and alternative forms. The figures are not necessarily to scale; some [eatures could be
exaggerated or mimimized to show details of particular components. Therefore, specific structural and
functional details disclosed herein are not to be interpreted as Hmiting, but merely as a representative
basis for teaching one skilled in the art to variously employ the embodiments. As those of ordinary
skitl in the art will undersiand, various features illustraled and described with reference to any one of
the figures can be combined with features illusirated in one or more other figures to produce
embodiments that are not explicitly illustrated or described. The combinations of features illustrated
provide representative embodiments for typical applications, Various combinations and modifications
of the features consistent with the teachings of this disclosure, however, could be desired for particular

applications or impiementations.

{101 3] This invention is not limited to the specific embodiments and methods described below,
as specific components and/or conditions may, of course, vary. Furthermore, the terminology used
herein is used only for the purpose of describing particular embodiments of the present invention and

is not intended to be hnnting 1n any way.

-

{014} As used in the specification and the appended clains, the singular form “a,” “an,” and
“the™ comprise plural referents anless the context clearly indicates otherwise. For example, reference

to a component in the singuiar is intended to also include a plurality of components.

{1 5] The term “substantially” or “about”™ may be used herein to describe disclosed or
claimed embodiments.  The term “substantially” or “about” may modify a value or relative
characteristic disclosed or claimed in the present disclosure. In such instances, “substantially™ or
“about™ may signify that the value or relative characteristic it maodifies is within £ 2 percent of the

value or relative characteristic.

i
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{16} Referring to Figures 1 and 2, an example electric machine 20 includes a stator 22 having
a plurality of laminations 24. The electric machine 20 may be a motor, a generator, or both. Each of
the lanunations 24 includes a {ront side and a back side. When fully formed and stacked, the front and
back sides are disposed against adjacent front and back sides to form a stator core 26. The stator core
26 1s typically made of iron, but may be formed of other materials. The stator core 26 is tubular and
defines a hollow cenier. The stator core 26 has an outer surface 28 that defines the outer diameter and
an inner diameter 30, The stator core 26 delines a plurality of teeth 34 extending radially inward toward
the inner diameter 30, Bobbins 36 are received on the teeth 34, The bobbins 36 support windings 40
that are wound around the bobbins 36, The illustrated embodinient shows concentrated windings, but
the electric niachine 20 may be a hairpin winding machine or a distributed winding machine in other
embodiments. The Hustrated emabodinient also shows twenty-four teeth and bobbins, but more or fess

may be used.

{017} A rotor {not shown) 1s supported for rotation within the stator core 26, The rotor may
be fixed to a shaft or other output. When current is supplied to the stator 22, a magnetic field is created

causing the rolor to spin within the stator 22 gencrating power that is supplied to a foad.

{1 8] The stator 26 is supported by a siator housing 42 {(sometimes called a stator rim). The
slator housing 42 may be generally cylindrical and inclodes an ianer surface 44 that s disposed against
the outer surface 28 of the stator core 26 and an outer surface 46, The stator housing 42 is mounted in
a case 530, The case 50 may be a transmission case or the fike. The case 530 defines an inner surface 52

that is disposed against the ovter surface 46 of the stator housing 42.

{019 During operation, the electric machine 20 generates heat within the stator core 26 and
the windings 40, To prevent overheating ol the electric machine 20, a fluid circuit may be provided io
remove heat generated during operation. The fluid cireuit delivers a cooling mediunt such as oil. The
oil may be automatic transmission fluid (ATF). The fluid circuit may travel tlwough the case 50, the

stator housing 42, the stator core 26, and combinations thereof,

{0204 According to one embodiment, a {Inid circuit 60 includes a main supply passageway
62 defined in the case 50. The passageway 62 may include a passage 64 extending substantiafly axially

and a passage 66 extending substantially radially, The case 50 defines an annular fluid chamber 68
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recessed into the inner surface 52, The passage 66 extends between the passage 64 and the {fhuid
chamber 68. The fluld chamber 68 may completely encircle the stator housing 42 and is configured to
accumulate fluid therein and supply it to the stator core 26. Stator housing 42 defines a plurality of
holes 48 extending between the inner surface 44 and the outer surface 46. The holes 48 are in fluid
communication with the chamber 68 and permit fluid within the chamber 68 to flow {o the stator core
26. The holes 48 may be axially aligned with cach other and circomferentially arranged in an array
that at least partially encircles the housing 42, The stator housing 42 also defines an annular fluid
chamber 70 that is recessed into the inner surface 44, The holes 48 supply fluid to the chamber 70.
The chamber 70 may be smatler than the chamber 68. The annular chambers 68 and 70 and the holes
48 may be located at a same axial location with the outer annular chamber 68 circumscribing the inner

annular chaniber 7¢.

{021 The stator core 26 defines at least one internal fluid passageway 72 thal is part of the
flnid circuit 60, The number of passageways 72 depends upon the cooling requirements of the electric
machine 20, The passageways 72 are circumicrentiaily spaced relative to each other, In the illustrated
embodiment, twenty-four (uid passageways 72 are provided, Ze, each bobbin 36 wincludes an
associated passageway 72, and the flaid passageways 72 are equally spaced. In other embodiments,
niore or less passageways may be used and the spacing may be equal or unequal. The passageways 72
are configured to circulate tluid throoagh the slator core 26 and to supply fhud oato the windings 40,
which removes heat [rom the efectric machine 20. Gravity removes the fluid from electrie machine

20, which is collected in a sump for recirculation.

HI022] The annular chamber 70 at least partially encircles the outer surface 28 of the stator
core 26 and acts as a manifold for supplying fhuid to the at least one passageway 72. Hach passageway
72 includes an entrance hole 74 defined in the outer sarface 28. The entrance hole 74 is axially aligned
with the fluid chamber 70 and is configured to receive fluid therefrom, The entrance holes 74 may be
circumiferentially arranged arcund the onter surface 28 to at least partially encirele the stator core 26,

In the illustrated embodiment, the entrance holes 74 completely encircle the stator core 26.

{231 Referring to Figures 1, 2, and 3, cach passageway 72 also includes an inboard passage
76 extending substantially axially along a length of the core 26 and in fluid communication with the

entrance hole 74. The passage 76 may extend completely through the core 26 in which case a first hole

A
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78 1s defined in a first end face 80 of the core 26 and a second hole 82 is defined in a second end face
81. The heles 78 and 82 are covered by the bobbins 36. The bobbins 36 generally prevent fluid from
flowing through the holes 78 and 82 but may not completely seal and some oif may flow through these

holes 78, 82.

{0024} Each passageway 72 further inctudes at least one outboard passage extending generally
axially along a length of the core 26 and n flwd communication with the passage 76. (The terms
“inboard” and “outboard” refer to refative locations from the inner diameter of the stator core, Inboard
refers to items closer to the inner diameter and outboard refers to items farther from the inner
diameter. ) For example, the passageway 72 includes a first outboard passage 84 and a second outboard
passage 86. The passage 84 may extend completely through the core 26 and have a first exit hole 88
defined in the first end [ace 80 and a second exit hole 90 defined in the second end face 1. The passage
86 may also extend completely through the core 26 and have a first exit hole 92 defined in the first
end face 80 and & second exit hole 94 defined in the sccond end face 81. The exit holes 88, 90, 92, 94
form the terminus of the passageway 72 and are circumferentially aligned with the bobbins 36 to

supply oil onto the windings 40.

{HHI25] Each passageway 72 includes at least one interconnecting passage that fhudly connects
the at leaslt one outboard passage o the inboard passage. In the iflustrated embodiment, a fiest
inferconnecting passage 100 connects between the outboard passage 84 and the inboard passage 76,
ard a second interconnecting passage 102 connects between the outboard passage 86 and the inboard
passage 76. The passage 100 includes a first end 104 connected to the inboard passage 76 and a second
end 106 connected to the cutboard passage 84. The passage 102 includes a first end 108 connected to
the inboard passage 76 and a second end 110 conmected 1o the outboard passage 86. The
mterconnecting passages generally extend outwardly from the inner diameter towards the outer
diameter, In some embodiments, the interconnecting passages may extend radially, in others, they may
extend at an obligue angle as shown in Figure 3 for example. The ortentation of the interconnecting
passages may include an axial component or may only include radial and circumferential components

as shown in Figure 3 for example.

{026} Referring to Figures 3 and 4, the first and second interconnecting passages may be

portions of & single chamber (as illustrated) or may be two separate passages. For example, the stator

6
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core 26 may define a V-shaped chamber 112 that includes the first and second passages 100, 102. The
chamber 112 may have other shapes in different embodiments. The chamber 112 may be disposed
within a middle portion or the core 26 to be axially offset from the end faces 80, 81, In the illustrated
embodiment, the chamber 112 is closer to the end face 80, however, the chamber 112 may be located
anywhere within the stator core 26. The inboard passage 76 is in fluid communication with the
chamber 112 via an inlet opening 114 and an outlet opening 116 {see Figure 2). The inboard passage
76 may be continuous through the chamber 112 or may be discontinuous as shown, The chamber 112
ts in fluid communication with the outboard passage 84 via openings 118 and 120, and the chamber

112 1s i flmid communication with the outboard passage 86 via openings 122 and 124,

02T Referring to Figures 3 and 5, the passageway 72 includes a supply passage that
extending from the entrance hole 74 to the inboard passage 76. The supply passage may extend
substantialty radially. The supply passage may be a rectangular chamber 130 defined by cutouts 131
in the stator core 26, The supply chamber 130 extends from the entrance hole 74 to a bottom 138, The
inboard passage 76 intersects the supply chamber 130 above the bottom 138 so that the supply chamber
130 has a sump portion 132, The inboard passage 76 is in [luid communication with the supply
chamber 130 via openings 134 and 136 deflined in opposing walls 140 and 142, The mboard passage
76 may be discontinuous as shown in the illustrated embodiments. The passage 76 may be
discontinuous al the supply chamber 130 and the V-chamber 112, That is, the inboard passage 76 may

have three segments 150, 152, and 134 in fluid conmmunication with each other.

HI028] During operation, {luid in the inner annular chamber 70 Hows to the passageways 72
via the entrance holes 74. For gach passageway 72, fluid flows into the supply chamber 130 and
subsequently to the inboard passage 76 via openings 134, 136, Fluid then transters to the chamber 112
by flowing axially through the stator core 26, which transfers heat from the stator core 26 to the fluid.
The chamber 112 distribuies fluid to the outboard passages 84 and 86 via the inferconnectling passages
100 and 102, respectively. The outhoard passages 84 and 86 convey the {fluid tlwrough the stator core
26 and to the exit holes 88, 90, 92, 94 where the [tuid exits the stator core 26 and drips onto the

windings 40.

{029} Referring to Figures 4, 5, and 6, the laminations 24 may be formed by stamping. The

stanping process may form one or more fluid openings in the laminations that, when stacked to form
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the core 26, cooperate to define the passageways 72. The core 26 may include one or more sets of
jaminations that have different patterns of fluid openings. The different patierns may have both
common openings and distinet openings. The openings may dilfer in location, size, shape, and the
like. The laminations 24 are stacked such that one or more of the fluld openings are rotationally aligned
to form the passageways 72. The different sets of laminations may form different arrangements of

passages and/or chambers of the passageways 72.

{3 In the illustrated embodiment, the stator core 26 includes three different sets of
laminations 160, 162, and 164, The [first set of laminations 160 have a first patlern of openings 166
that cooperate to define the one or more V-chambers 112 when stacked. The first pattern of openings

166 may include a V-shaped opening 168,

{83 1] The second set of laminations 162 have a second pattern of openings 170 that cooperate
to define the supply chantber 130 and the outhoard passages 84 and 86. The second pattern of openings
170 may include a rectangular slot 172 and a pair of holes 174 and 176 disposed on opposite sides of
the slot 172, The rectangular slots 172 cooperate to define the supply chamber 130 and the holes 174

and 176 define a portion of the passages 84 and 86, respectively.

LIRS The third set of laminations 164 have a third pattern of openings 180 that cooperate to
define the inboard passage 76, the outboard passage 84, and the cutboard passage 86. The third patiemn
may include a firsl hole 182, a second hole 184, and a third hole 186. The holes 182 and 184 are the
sarme as the holes 174 and 176. The first holes 182 define a portion of the passage 86, the second holes

184 define a portion of the passage 84, and the holes 186 define the passage 76.

{0334 The holes 182 of the third laminations 164 are aligned with the holes 174 of the second
faminations 162 and with an end portion 190 of the V-openings 168 to form the passage 86. The holes
184 of the third laminations 164 are aligned with the holes 176 of the second laminations 162 and with
an end portion 192 of the V-openings 168 to form the passage 84, The holes 186 of the third
taminations 164 are aligned with a botton: portion 194 of the V-openings 168 and with the slots 172

to form the inboard passage 76.

{08344 Referring to Figure 2, the sets of lanunations are axially arranged in groups of like

faminations, The sets of laminations may inciude a single grouping or multiple groupings. For

8
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example, the third set of laminations 164 may be the predominant type of lamination in the stator core
26 and may be arranged in three scparaie groupings {stacks) 20¢, 202, and 204, The first set of
faminations 160 may include a single grouping 206 that 1s axially sandwiched between the grouping
200 and the grouping 202. The second set of laminations 162 may also include a single grouping 208

that s axially sandwiched between the grouping 202 and the grouping 204.

HI035] The above-described fluid circuit 60 effectively cools both the stator core 26 and the
windings 40. The inboard passage 76 ol the fluid circuit 60 is embedded radially deep in the core 26
to be with in the teeth 34 in order to cool the holtest portions of the stator core 26 while also providing

a flow of fluid onto the windings 40,

{LIREY While exemplary embodiments are deseribed above, it 18 not intended that these
embodiments describe zll possible forms encompassed by the claims. The words used m the
specification are words of description rather than limitation, and it is understood that various changes
can be made without departing from the spirit and scope of the disclosure. As previously described,
the features of various embodiments ¢an be combined to form further embodiments of the invention
that may not be exphicitly described or illustraied. While various embodiments could have been
described as providing advaniages or being preferred over other embodiments or prior st
impiementalions with respect to one or more desired characleristics, those of ordinary skill in the art
recognize that one or more features or characteristics can be compromised to achieve desired overall
system attribules, which depend on the specilie application and implementation, These attributes can
include, but are not hmifed to cost, strength, durability, life cvele cost, marketability, appearance,
packaging, size, serviceability, weight, manulacturability, case of assembly, efc. As such, to the extent
any embodiments are described as less desirable than other embodiments or prior art implementations
with respect to one or more characteristics, these embodiments are not outside the scope of the

disclosure and can be desirable for particular applications.

{00371 The following is a list of reference numbers shown in the Figures. However, it should
be understood that the use of these terms 1s for illustrative purposes only with respect to one
embodiment. And, use of reference numbers correlating a certain ferm that is both illustrated in the
Figares and present in the claims is not intended to limit the claims to only cover the illusirated

embodiment,
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{0038
10039}
{0040}
{0041
{0042]
H0043]
{044]
{045]
{0046)
{0047)
{H48]
{049]
{0050}
{0051
10052
{0053
10654]
10658]
D056}

10057}

Parts List:

20 Eleetric machine
22 stator

24 laminations

26 stator core

28 outer surface

30 inner diameter
34 teeth

36 bobbins

40 windings

42 stator housing
44 inner surface
46 outer surface
48 hole

50 case

532 inner surface
60 fluid circuit
62 passageway
64 passage

66 passage
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{0058
10059
{0060}
{0061
{0062}
{0063
{0064]
{0065]
{0066
{0067]
{0068]
{0069
{0070]
{0071}
10072
10073
10074]
10075]
0076}

10677}

68 fluid chamber

70 annular chamber

72 passageway

74 entrance hole

76 passage

78 hole

80 end face

81 end face

82 hole

84 passage

36 passage

88 hole

90 hole

92 hole

%4 hole

100 mterconnecting passage
102 interconnecting passage
104 first end

106 second end

168 first end

il
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{0078}
10079
{080}
{0081}
{0082}
{0083}
{0084
{0085}
{0086}
{0087}
HI088)
{0089]
{0099}
{0691}
{0693}
{0093)
{0094]
{0095
{096}

10097}

110 second end
112 chamber

114 inlet opening
116 outlet opening
118 opening

120 opening

122 opening

124 opening

130 supply chamber
131 cut out

132 some portion
134 opening

136 opening

138 bottom

140 wall

142 wall

150 segment

152 segment

154 segment

160 first laminations

PCT/US2020/019811
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{00938} 162 second laminations
{1999} 164 third laminations
{1100] 166 opening
{1 ] 168 opening
{02} 170 opening
HHO3] 172 slot
{04 174 hole
H1105] 176 hole
{106} 180 opening
HHOT] 182 hole
{108 184 hole
HIOY] 186 hole
{011 190 end portion
{111} 192 end portion
{01123} 194 bottom portion
{0113} 200 grouping
{1144 202 grouping
{115 204 grouping
{1164 206 grouping
{117 208 grouping

i3
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WHAT IS CLAIMED IS:

i. An electric machine comprising:

a stator core including opposing first and second end faces, an cuter surface between
the end faces, and a plurality of fluid passageways defined within the slator core, each [luid
passageway including:

an entrance hole defined in the ouier surface,

an inboard passage extending along a length of the core and in [luid
communication with the entrance hole,

an outboard passage cxiending along a length of the core and having a first exit
hole defined in the first end face, and

an terconnecting passage conunecting the inboard passage in fluid

communication with the cutboard passage.

2. The electric machine of claim 1, wherein the entrances holes are

circumlerentially arranged o an array that extends at least partially around the outer surface.

3. The electric machine of claim 2 further comprising a cylindrical stator housing
having an inner surface disposed against the outer surface of the stator core, the stator housing defining
an annular fluid chamber circumseribing the entrance holes and configured to supply Buid to the
entrance holes, wherein the stator housing further has an outer surface and defines at least one hole

extending from the outer surface lo the annular fluid chamber,

4, The electriec machine of claim 3 further comprising a case defining & main
supply passageway and a second annalar fluid chamber recessed into an inner surface of the case and
in fluid communication with the main supply passageway, wherein the hole of the stator housing i3 in

fluid communication with the second annular fluid chamber.

5, The electric machine of claim 1, wherein all of the entrances holes have a

commaon axial location,

i4
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6, The electric machine of claim 1, wherein each passageway lurther includes a

supply passage extending from the entrance hole to the wboard passage.
7. The eclectric machine of claim 6, wherein the supply passage extends

substantially radially.

8, The electric machine of ¢laim 1, wherein the outboard passage extends

completely through the stalor core and further has a second exit hole defined in the second end face.

9, The eleciric machine of claim 1, wherein the inboard passage extends the entire

tength of the stator core,

10.  The eclectric machine of claim 1, wherein cach fluid passageway further
includes:

a second outboard passage extending through the core and having a first exit hele
defined m the first end face, and

a sccond interconnocting passage connecting the inboard passage in [uid

commutication with the second outboard passage,
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being obvious to a person skilled in the art
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